Objective: Primary immunodeficiencies (PID) are a heterogeneous group of disorders with a variable clinical spectrum of manifestations. The central nervous system may be involved in PID with symptoms which may present initially or develop at later stages. The purpose of this study was to review the neurological manifestations of different PID syndromes.
Introduction
Primary immunodeficiencies (PID) are a heterogeneous group of 354 distinct disorders with 344 different gene defects (1) with a variable clinical spectrum of manifestations. A diagnosis of PID will often be considered with a predisposition to frequent, severe or unusual infections, autoimmune disorders and malignancies or allergic disorders (2) . 
Materials & Methods

The last version of IUIS Primary Immunodeficiencies
Committee Report (1) on Inborn Errors of Immunity was reviewed first to select certain PIDs with neurological manifestations. Then a review of literature was started according to specific PID associated with neurological manifestations with a focus on 104 selected studies.
Discussion
Immunodeficiencies affecting cellular and humoral immunity Severe combined immunodeficiencies defined by
CD3 T cell lymphopenia
Adenosine Deaminase deficiency (ADA)
ADA is a ubiquitous enzyme in purine salvage pathway which is also expressed in both the peripheral and central nervous systems (6) . ADA deficiency is caused by mutations in the ADA gene and is known as one of the most prevalent forms of severe combined immunodeficiencies (6) . The most common manifestations include recurrent and opportunistic fungal, viral and bacterial infections, lymphopenia and failure to thrive (7) . The main neurologic manifestations of these diseases result from accumulation of adenosine metabolites in basal ganglia and thalamus which are rich in adenosine receptors. These neurologic abnormalities include motor delay, hypotonia, mental retardation, learning disability, hyperactivity, attention deficit, behavioural abnormalities, reduced verbal Neurological Manifestations of Primary Immunodeficiencies expression, seizure and sensorineural deafness (4, 8) . One infant has been reported with nystagmus and difficulty in focusing gaze was found to have brain atrophy on MRI (9).
DNA Ligase IV deficiency
This autosomal recessive form of SCID is caused by an impairment of the DNA damage repair process with a pronounced radiosensitivity (10). DNA double-strand break repair via non-homologous end-joining (NHEJ) is involved in recombination of immunoglobulin and T-cell receptor genes.
Mutations in NHEJ components may lead to microcephaly and immunodeficiency (11).The neurological manifestations of this disease include microcephaly and developmental delay (12).
Cernunnos deficiency
This is another rare autosomal recessive form of SCID with severe T and B lymphopenia and dysgammaglobulinemia in addition to radiosensitivity caused by mutations in the CERNUNNOS or XRCC4-like factor (XLF).
Microcephaly and developmental delay are the prominent neurological features (4, 8) .
CID with associated or syndromic features
Ataxia-Telengiectasia
This autosomal recessive complex disorder with substantial severity in affected individuals (13) is characterized by ataxia, ocular and cutaneous telengiectasia, radiosensitivity, immunodeficiency, 
Riddle Syndrome
This syndrome is characterized by a defect in DNA damage response causing immunodeficiency and increased radiosensitivity accompanied by neurologic symptoms and growth delay due to an increased apoptosis and reduced proliferative capacity during brain development presenting as mild motor control and learning difficulties (28).
DiGeorge Syndrome
In addition to the characterizing triad of cardiac defects, hypocalcemia and cellular immune deficiency, there may be neurological manifestations which present with developmental delay in motor, language and speech areas, 
Hyper-immunoglobulin E syndrome
These syndromes are characterized by recurrent skin and pulmonary infections in the presence of elevated IgE concentration and usually eosinophilia. 
Severe Congenital Neutropenia
This term is used for a heterogeneous group of primary immunodeficiencies including sporadic autosomal recessive, autosomal dominant and x-linked types (39) of which the autosomal recessive type with a homozygous mutation in antiapoptotic protein, HAX1, accounts for one third of these patients and has been identified as the only subtype associated with neurologic abnormalities (40). Neurologic manifestations include developmental delay, cognitive defects, speech defects, attention deficit, hyperactivity, learning disabilities and epilepsy (77-79).
Schwachman-Diamond Syndrome
This is a multisystem disorder characterized by bone marrow failure, exocrine pancreatic insufficiency and metaphyseal chondrodysplasia. These features are attributed to mutation in SBDS gene (80) . 
Blau syndrome
This rare autosomal dominant syndrome clinically resembles early onset sarcoidosis characterized by granulomatous inflammation mostly involving joints, eyes and skin (95) (96) (97) and is caused by mutation in pattern recognition receptor NOD2
gene encoding a protein known as an intracellular sensor for bacterial products (98, 99 
Aicardi-Goutieres syndrome
This is a genetically determined encephalopathy 
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